Pueraria lobata Willd. (Fabaceae) is a widely used medicinal plant, known as "Kudzu" and "Ge" in Japanese and Chinese traditional medicine, respectively. P. lobata is a rich source of isoflavones with phytoestrogenic properties, and its commercial use is widespread. In this study the optimization and validation of an HPLC-method for quality control of Pueraria root material is presented. By means of this analytical method the major individual constituents, i.e. the isoflavone 8-C-glycosides hydroxypuerarin, puerarin, methoxypuerarin and xylosylpuerarin, the 7-O-glycosides daidzin and genistin, and the aglycones daidzein and genistein could be quantified. The extraction procedure and the extraction solvent composition were optimized in order to ensure the exhaustive extraction of the plant material. The HPLC -conditions were evaluated and optimized for the exact quantification of all individual compounds. The HPLC analysis was carried out on a Agilent XDB RP C18 (150 x 4.6) column eluted with a binary system consisting of water (+ 0.01% formic acid) and methanol (+ 0.01% formic acid) using a linear gradient; detection was at 262 nm. Daidzin, daidzein, genistin and genistein were used as external standards. Due to the great difference in content between the C-glycosides on the one hand, and daidzin, genistin and the aglycones on the other, two separate HPLC runs were necessary for a complete analysis. The final method was fully validated according to the ICH guidelines in terms of linearity, precision and accuracy. Linear relationships for the responses of all four standards were proven. The method was shown to be repeatable for the individual compounds, i.e. RSD% between days values were within 2 to 7.5%. The accuracy of the method was demonstrated to be equal to 100% by recovery experiments. These validation results demonstrated the suitability of the method for the precise and accurate determination of Pueraria root isoflavones.
resolution, and only puerarin was quantified [6] . In the work of Delmonte et.al., the isoflavone content was determined in dietary supplements containing soy, red clover and Kudzu, but since the glycosides were hydrolyzed during sample preparation the real composition was not determined [7] . The method developed in our laboratory to determine the isoflavone content in soy extracts could not be applied directly since here we need to extract the isoflavones from the root material. [8] . The methods available for quantitative determination of Pueraria root isoflavones in plant material or dietary supplements are limited to the detection of one or only a limited number of compounds, including the official method in the current edition of the Chinese Pharmacopoeia, which only determines the puerarin content [9, 10] . Several recent papers dealing with the use of LC-MS for the analysis of isoflavones in crude mixtures have recently being published [11] [12] [13] [14] [15] . The aim of these studies was to identify isoflavone aglycones and major glycosides in Pueraria root by using LC-MS-MS with different modes of MS, for example neutral loss-scan mass spectrometry, selected ion monitoring (SIM), and selected reaction monitoring (SRM).
From this short review of the literature it appears that no fully optimized and validated method quantifying all major constituents for routine quality control of Pueraria root material or its dry extract is available.
Recently we have published the development and validation of an HPLC method for quality control of Pueraria lobata flower [16] . However, the main constituents of the flower, i.e. the isoflavone tectorigenin and two of its glycosides, were completely different from the root constituents. When developing a quantitative method, it must be considered that the therapeutic potency of a preparation depends not only on the amount of the active ingredients, but also on their absorption profile. The pharmacokinetic profiles of the C-and O-glycosides present in Pueraria root are different, and therefore special attention should be paid to their individual determination. The method presented here was designed to determine separately a maximum number of compounds, i.e. all major isoflavones mentioned above.
In Table 1S ) [17] [18] [19] . The presence of the other constituents in the root extract was confirmed by LC-MS analysis, by comparison with published data and standards of genistein and genistin.
For the development of an analytical method, first the separation conditions were optimized in order to achieve satisfactory resolution. Because of the complexity of the mixture this was only possible when using rather long gradient conditions and run times. The initial set of separation conditions is summarized in Table 1 . The LiChrosphere column did not provide the desired separation of the major peaks with any of the tested eluents or gradients, which included water / methanol mixtures without and with addition of 0.01% formic acid (pH ≈ 3 -4). Therefore, the separation on a Zorbax Eclipse XDB column was tested in combination with a linear gradient of a binary phase: water + 0.01% formic acid and methanol + 0.01% formic acid. These conditions provided satisfying resolution of the peaks ( Figure 2 , Table 2 ). The obvious difference in selectivity between the two column packings might be due to differences in the amount of bonded phase per unit surface of the silica particles (density), the way in which the bonded phase is attached to the silica surface, and the purity of the silica.
Another problem that had to be overcome in the design of the procedure was the big difference in content between the glycosides and the aglycones. If 20 µL of the final solution was injected, the aglycones were barely detectable, therefore it was necessary to measure them in a second separate run with an injection volume of 100 µL. All peaks of interest were separated from the adjacent ones allowing their exact integration. The peaks of hydroxypuerarin (peak 5 on the chromatogram), genistin (13), daidzin (11), daidzein (18) and genistein (21) were well separated from their neighboring peaks. The critical band couples were: puerarin (peak 8 on the chromatogram) / 3'-methoxypuerarin (9), 3'-methoxypuerarin (9) / 6"-xylosylpuerarin (10), and 6"-xylosylpuerarin (10) / daidzin (11) . However, they were successfully resolved for the purpose of quantification. All peaks of interest are symmetric.
The extraction procedure and the extraction solvent composition were optimized in order to ensure the exhaustive extraction of the plant material, in the same way as described for Pueraria flower [16] . The final conditions are described in the experimental section.
Daidzin, daidzein, genistin and genistein were chosen as external standards. The content of 3'-hydroxypuerarin, puerarin, 3'-methoxypuerarin, 6"-xylosylpuerarin and daidzin were calculated with respect to daidzin, while the contents of genistin, daidzein and genistein were calculated with respect to each individual standard. The standards were analyzed using the same HPLC conditions as for the analytes.
This method was validated according to the ICH guidelines on the validation of analytical methods [20, 21] . The calibration functions for each of the four standards were investigated by injecting six different concentrations of reference solution in duplicate. The concentration level for the isoflavone glycoside daidzin was within the range of 4.13 -103.2 µg/mL, and for the glycoside genistin and the aglycones daidzein and genistein within the range of 0.20 -4.0 µg/mL, 0.43 -8.68 µg/mL, and 0.034 -0.54 µg/mL, respectively. In order to describe and investigate the relationship, least square lines and the correlation coefficients were calculated. The significance of the slopes (a≠0) and the intercepts (b=0) of the obtained functions were tested by means of Student's t-test. To check whether the linear model fitted the obtained data a lack-of-fit (LOF) test was performed and the resulting residuals were graphically inspected.
The response functions of the four standards were investigated and the results are shown in Table 3 . Graphical inspection of the residuals, the LOF test and the correlation coefficients proved that a linear model response function could be fit to the data in the inspected range. The t-test of the intercept revealed that point (0.0) fell within each of the calibration curves. This implied that for routine analysis in this range, the isoflavone content could be determined against a single standard concentration level instead of constructing a calibration line each time the analysis is performed.
The repeatability and the time-different intermediate precision were evaluated by analyzing six independently prepared samples (100% level, i.e. performed on 0.600g of plant material) on three different days. The mean content and the betweendays RSD (%) for each compound are presented in Table 4 . The mean, the standard deviation and the relative standard deviation were calculated for each day. ANOVA single factor was used to compare the results of the three days. Within-and between-days relative standard deviations were calculated. To test the precision of the method in terms of between concentration levels variation, six samples weighing twice the normal weight (200%) and six samples weighing half the normal weight (50%) were analyzed following the same procedure. The mean, the standard deviation and relative standard deviations were calculated for each level. By means of a Cochran's test (5 groups, n=6), the homogeneity of the variances of experiments at the three concentration levels (50, 100 (3 days), and 200%) was determined prior to ANOVA single factor comparison of the results for the three levels. Withinand between-level relative standard deviations were calculated.
The major isoflavone was the C-glycoside puerarin present in an amount of 3.03%, followed by 3'-hydroxypuerarin 0.84%, 3'-methoxypuerarin 0.83%, 6"-xylosylpuerarin 0.64%, and daidzin 0.60%. Genistin and daidzein were present in minor amounts of 0.11% and 0.07%, respectively. Genistein was present at a trace level of 0.008%.
The precision of the method was acceptable for the major compounds 3'-hydroxypuerarin, puerarin, 3'-methoxypuerarin, 6"-xylosylpuerarin and daidzin with an RSD (%) of 2. These results proved that the reported method correctly quantifies all major isoflavones present in Pueraria root with acceptable accuracy and precision. This study proved the suitability of the method for the quality control of Pueraria root crude drug.
Experimental
Materials: Distilled water (RiOs) was obtained from a Millipore water purification system (Millipore, Brussels, Belgium). Methanol (HPLC-quality) and silica gel 60 (0.040-0.063) were purchased from Merck (Darmstadt, Germany), and formic acid and dimethyl sulfoxide from Acros Organics (Geel, Belgium). All solvents and reagents were of analytical grade. Preparative C18 (55-105 µm) was from Waters (Maliford, MA, USA).
Standards of daidzin (100 mg, purity 99.2%), daidzein (25 mg, purity 96.7%), genistin (100 mg, purity 99.1%) and genistein (50mg, purity 100%) were purchased from LC Laboratories (Woburn, Massachusetts, USA).
Dried roots of Pueraria lobata were kindly provided by SINECURA (Ghent, Belgium). The root material was investigated macro-and microscopically according to the Chinese Pharmacopoeia in order to confirm its identity.
Spectroscopy: 1D NMR ( 1 H, 13 C, DEPT-135 and DEPT-90) and 2D NMR spectra ( 1 H-1 H DQF-COSY, HSQC and HMBC) were recorded in methanol-d 4 on a Bruker DRX-400 instrument operating at 400. 15 MHz for 1 H, using standard software packages. LC-MS analysis was performed on an Agilent 1100 with a diode array detector, coupled to a Bruker Esquire 3000 plus ion trap MS (Bruker Daltonics, Billerica, USA). LC-MS analysis was carried out on a Surveyor LC system with a diode array detector coupled to a LXQ linear ion trap (Finnigan, Bremen, Germany). 
HPLC:
The isolation of the marker compounds was carried out on an Agilent 1100 HPLC-system equipped with a DA (diode array) detector. The HPLC analyses during the method development and validation procedure were carried out using a Gilson instrument (pump model 322, UV-VIS detector model 156) equipped with a Gilson automatic injector. The analytical work was performed on an Agilent Zorbax Eclipse XDB-C18 column (150 x 4.6 mm, 5µm) and the semipreparative work on a Macherey-Nagel, Nucleosil 100-7 C18 (10 x 250 mm) semipreparative chromatographic column.
Extraction and isolation:
Dried roots of Pueraria lobata were pulverized and sieved in order to assure particle uniformity. A 50% ethanol extract was prepared under constant stirring by adding multiple portions of fresh extracting solvent till complete exhaustion of the material. The extracted portions were combined and concentrated by evaporation under reduced pressure to give the crude extract. After lyophilization, 20 g of the powder was resuspended in distilled water and partitioned between ethyl acetate and subsequently n-butanol, both saturated with water. The resulting subfractions (ethyl acetate, n-butanol and residual water) were dried under reduced pressure.
The ethyl acetate fraction (5.0 g) was subjected to column chromatography on silica gel (350 g), eluted with n-butanol : ethanol : water 6 : 1 : 2.2. The 52 collected fractions were evaluated by means of TLC, and according to their profile they were combined in 7 subfractions. Subfraction 4 (3.1 g) was further fractionated on silica gel (360 g), eluted with n-butanol : ethanol : water 4 : 1 : 2.2. The resulting 18 fractions were evaluated by TLC and joined into 5 fractions. The fourth fraction was submitted to column chromatography on silica gel (50 g). The 18 obtained fractions were put together in 3 fractions. Fraction 2 was subjected to semipreparative HPLC. An HPLC gradient consisting of methanol / 0.01% formic acid and water / 0.01% formic acid was optimized for the purpose of semi-preparative separation: from 15% methanol (t = 0 min), over 21% (t = 15 min), 25% (t = 25 min), to 95% (t = 55 min). The three major compounds isolated were identified as puerarin, 3'-methoxypuerarin, and daidzin. Subfraction 3 of the ethyl acetate fraction (250 mg) was submitted to column chromatography on silica gel (30 g) and eluted with chloroform : methanol 9 : 1. The resulting 18 fractions were combined in 3 subfractions. The second subfraction was purified by semipreparative HPLC using a gradient from 15% to 67.8% methanol over 33 min at a flow rate of 2.2 mL/min. One compound was isolated, and identified as daidzein. The presence of 3'-hydroxypuerarin, 6"-xylosylpuerarin, genistein and genistin was confirmed by LC-MS analysis, by comparison with published data and standards of genistein and genistin.
Preparation of the sample solution:
The powdered plant material was sieved (355 μm) to ensure particles uniformity. An exactly weighed amount of 0.600 g of plant material was placed in a round bottomed flask and 10 mL dimethyl sulfoxide was added. After 15 min, 60 mL of 50% methanol was added, and refluxed for 30 min. To separate the clear liquid from the plant material centrifugation at 3000 rpm was performed for 15 min. A fresh portion of 60 mL 50% methanol was added to the plant material, repeating the extraction procedure. The supernatants resulting from the two extractions were joined and collected in a calibrated flask of 200 mL. The flask was filled to volume with 50% methanol. Finally 10 mL of this solution was diluted to 20 mL with water. This sample solution was used for HPLC analysis. Two separate analyses were performed for each sample: one injecting 20 µL to quantify the glycosides, and another one injecting 100 µL for the quantification of the aglycones.
Preparation of the standard solutions: About 10 mg of daidzin was accurately weighed and dissolved in 25 mL of dimethyl sulfoxide. An aliquot of 2 mL of this solution was diluted to 50 mL with 50% methanol.
About 10.0 mg of genistin was accurately weighed and dissolved in 25 mL of dimethyl sulfoxide. An aliquot of 0.5 mL of this solution was diluted to 100 mL with 50% methanol. About 10.0 mg of daidzein was accurately weighed and dissolved in 25 mL of dimethyl sulfoxide. An aliquot of 0.5 mL of this solution was diluted to 100 mL with 50% methanol. About 10.0 mg of genistein was accurately weighed and dissolved in 25 mL of dimethyl sulfoxide. An aliquot of 0.5 mL of this solution was diluted to 50 mL with 50 % methanol.
Calculation:
The percentage content (C s %) of the compounds in the plant material was calculated using the formula: For the purpose of exact quantification, loss on drying was determined according to Ph. Eur. Article 2.2.32.d. The water content was found to be 8.8 %.
